The anisotropic poroelasticity framework presented by Aichi and Tokunaga (Int. J. Rock Mech. Min. Sci. 48(4) (2011) 580-584) for a porous material saturated by two immiscible fluids is generalized for micro-heterogeneous materials by introducing one additional poroelastic parameter. This framework is based on Coussy's thermodynamic framework, but is re-written using material parameters that are easier to evaluate experimentally. The presented generalization permits using the constitutive relations for modelling the behaviour of geomaterials with a heterogeneous solid phase composed of several constituents. The constitutive relations are given also for special cases of isotropic porous material saturated by two immiscible fluids or by one fluid.
The Lagrangian partial saturations for wetting and non-wetting fluids represent the fraction of the pore volume 24 occupied by each fluid:
25
S wF = φ wF φ 0 ; S nwF = φ nwF φ 0 ; S wF + S nwF = 1
The poroelastic constitutive relations for a general case of a fully anisotropic unsaturated material are given below 
where C i jkl is the stiffness tensor and α wFi j , α nwFi j , N wF−wF , N wF−nwF , N nwF−nwF are material constants that are 28 equivalent to Biot effective stress coefficient tensor α i j and Biot modulus N in saturated conditions. As mentioned When the pressure increments in wetting and non-wetting fluid are the same, equations 3 to 5 must be reduced 41 to the saturated poroelasticity equations, σ i j = C i jkl ε kl − α i j p and ϕ = α i j ε i j + p/N [1, 3] . In these equations C i jkl 42 is the drained stiffness tensor, α i j in Biot effective stress coefficient tensor and N is Biot modulus. By assuming 43 p wF = p nwF = p in equation 3 and comparing with σ i j = C i jkl ε kl − α i j p one finds C i jkl = C i jkl and α wFi j + α nwFi j = α i j .
44
This latter equation permits writing
where χ is a constant depending on the Lagrangian saturation of wetting fluid. Replacing these relations in the 46 constitutive relation 3 gives
which shows that the parameter χ is equivalent to Bishop [4] effective stress coefficient. Inserting equations 4 and 
The unjacketed condition is defined as p wF = p nwF = p and σ i j = −pδ i j . Under this condition, equal increments 
When the solid phase is heterogeneous the skeleton and the solid component will experience different volumetric 59 strains and the above relation is modified as following:
where the parameter β is a poroelastic parameter defined as the ratio of the volumetric strain of the pore volume 61 to the one of the solid skeleton in unjacketed condition.
In poroelasticity theory, two elastic moduli K s and K φ are classically defined for unjacketed condition [5, 6, 7] .
The poroelastic parameter β can thus be identified as: 125 GPa).
88
By re-writing equations 3, 4 and 5 for the unjacketed condition (p wF = p nwF = p and σ i j = −pδ i j ) and using 89 equations 10 and 6 the following relations are found between the Biot moduli for undsaturated condition and the other 90 poroelastic parameters:
1 
Equations 6, 18, 19 and 20 give relationships for unsaturated poroelasticity material parameters as functions of 101 other parameters which are easier to evaluate experimentally. constitutive relations for an anisotropic micro-heterogeneous material:
By assuming β = 1 the above equations are reduced to the ones presented in [3]. 
Special case of isotropy

108
In the case of isotropy the constitutive relations are reduced to:
4.3. Special case of isotropy and saturation by one fluid
110
For an isotropic porous material saturated by one fluid we have χ = 1 and S wF = 1. The constitutive relations in 111 this case are reduced to:
The term (α − φ 0 β) (1 − α) /K in equation (28) 
In the case of a micro-homogeneous porous material composed of one single solid constituent we have K s = K φ 
